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(54) Title: PREPARATION OF PLATINUM (LL) COMPLEXES 



(57) Abstract: This invention relates a method for the preparation of platinum(II) oxalato complexes from their dihalogenoplat- 
inum(II) precursors having either neutral monodentate or bidentate non-leaving co-ligands. Of particular interest is oxaliplatin. The 
method includes the step of reacting a halogenoplatinum(II) complex containing a neutral monodentate or bidentate ligand with an 
oxalate in a non-aqueous solvent or a mixed solvent system. The mixed solvent system is solvent mixture containing a non-aqueous 
solvent and water. According to the present invention, the non-aqueous solvent is an alcohol. 
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PREPARATION OF PLATINUM(II) COMPLEXES 



BACKGROUND OF THE INVENTION 

This invention relates to the preparation of platinum(ll)oxalato complexes 
from their dihalogenoplatinum(ll) precursors having either neutral 
monodentate or bidentate non-leaving co-ligands. Of particular interest is 
c/s-oxalato(frans-£-1 ,2-cyclohexanediamine)platinum(II) (also known as 
oxaliplatin), which has become increasingly important due to its anticancer 
activity. 

Dicarboxylatoplatinum(ll) complexes (such as oxaliplatin) containing a 
neutral bidentate ligand ("non-leaving group") have in the past been 
synthesized by way of a process that utilizes a silver salt to remove halide 
ions from the complex. The use of a silver compound in the process results 
in numerous contaminants, which must be removed by further processes in 
order to achieve a purity that is suitable for anticancer pharmaceutical 
agent purposes. 

Oxaliplatin and its pharmaceutical properties were first disclosed by Kidani 
et al. in J Med Chem, 1978, 21, 13135 and in United States Patent No. 
4,169,846. In this patent, a halogenoplatinum compound is used as the 
starting material. Halide ions are removed by a silver salt, whereafter an 
oxalate is introduced, either as the free acid or a salt thereof. 

In general, a method for the production of oxaliplatin is as set out below: 
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Step 1. 

1 rnol K 2 PtX 4 + 1 mol L -> PtLX 2 + 2X" 

X = CI, Br, I and L = frans-M, 2-diaminocyclohexane 

Step 2. 

1 mol PtLX 2 + 2 mol AgNO s -> PtL(H 2 0) 2 2+ + 2AgX + 2NCV 
or 

1 mol PtLX 2 + 1 mol Ag 2 Y PtL(H 2 0) 2 2+ + 2AgX + Y 2 " 
Y = S0 4 2 ' 

Step 3. 

PtL(H 2 0) 2 2+ +Z 2 (oxalate) -> PtL(oxalate) + 2Z + 
Z = K + , Na + or H + 

US Patent No. 5,290,961 in the name of Tanaka Kikinzoku Kogyo K.K. 
teaches that the abovementioned method has the disadvantage that many 
impurities are incorporated into the products. These impurities include 
unreacted PtLX 2 , AgX and Ag+. The presence of PtLX 2 is attributed to its 
generally insoluble nature in water. As a result, large quantities of water 
must be used in step 2 to dissolve PtLX 2 . This prevents the AgX, even 
though it is insoluble in water, from being completely removed from the 
solution. Variations of the above method through the use of silver oxalate 
are also documented in several patents (WO 2006/023154 A1, US5420319 
US patents no's. 5,338,874 and 5,420,319, also in the name of Tanaka 
Kikinzoku Kogyo K.K.), teach processes for the production of oxalato(trans- 
£-1,2-diaminocyclohexane)platinum(ll) with high optical purity which can be 
used as an active pharmaceutical ingredient of a carcinostatic agent. 
However, these processes also follow complicated multi-step pathways, 
making use of silver compounds which must also ultimately be removed 
from the process. 
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SUMMARY OF THE INVENTION 

According to the invention there is provided a method for the preparation of 
platinum(ll)oxalato complexes from their dihaiogenoplatinum(li) precursors 
having either neutral monodentate or bidentate non-leaving co-ligands. Of 
particular interest is oxaliplatin. The method includes the step of reacting a 
haiogenoplatinum(II) complex containing a neutral monodentate or 
bidentate ligand with an oxalate in a non-aqueous solvent or a mixed 
solvent system (by mixed solvent system is meant a solvent mixture 
containing a non-aqueous solvent and water), wherein the non-aqueous 
solvent is an alcohol. 

The alcohol is any hydroxyl-containing organic molecule being primary, 
secondary or tertiary with respect to the substitution around the carbon 
atom bonded to the OH moiety, for example organic molecules having the 
arrangement fVChVOH, R^-CH-OH or R1R2R3-C-OH where the to R 3 
are organic (alkyl or aryl). Preferably, the alcohol has 3 or more, typically 4- 
12, preferably 5-10 carbon atoms and is typically branched. Examples of 
alcohols are isoamyl alcohol (3-methyl-1-butanol), tertiary butanol (2- 
methyI-2-propanol) and 2-octanol (2-hydroxyoctane). 

The oxalate may be a metal oxalate, typically an alkali metal oxalate such 
as rubidium or cesium oxalate; preferably cesium oxalate. 

The oxalate is preferably an organic oxalate salt such as a tetraalkyl or 
arylammonium compound, for example a tetraethylammonium, 
tetrapropylammonium, tetrabutylammonium or tetraphenylphosphonium 
oxalate, preferably tetrabutylammonium oxalate. By "organic oxalate salt" is 
meant an oxalate salt where the cation is organic. 

In accordance with a preferred embodiment of the invention, an aqueous 
solution of an organic oxalate salt is prepared by dissolving oxalic acid in a 
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solution of the hydroxide salt of the desired organic cation, preferably 
tetrabutylammonium hydroxide. A c/s-bis-halogenoplatinum(ll) compound 
containing a neutral monodentate or bidentate ligand, typically frans-M ,2- 
diaminocyclohexane, and where the halogen is preferably chloride, is 
added to the solution, followed by the addition of an alcohol to form a mixed 
solvent system in which the c/s-bis-halogenop!atinum(ll) compound is 
replaced by an oxalatoplatinum(ll) complex product, such as oxaliplatin, 
which precipitates out of solution. 

The ratio of alcohol:water (v/v) in the mixed solvent system may be from 
70:30 to 99:1 , more preferably 80:20 to 99:1 , most preferably 90:10. 

Preferably, the halogenoplatinum(ll) complex containing neutral 
monodentate or bidentate ligands is reacted with the oxalate at a molar 
ratio of greater than 1:1, typically between 1:1 to 1:15, preferably between 
1 : 1 and 1 :5, most preferably from 1 :2 to 1 :2.5. 

The reaction may be performed at a temperature in the range from 70 to 
1 10°C, preferably from 75 to 95°C, most preferably from 85 to 90°C. 

The amount of halogenoplatinum(II) complex containing a neutral bidentate 
ligand in the solvent system may be more than 5 g/L, preferably more than 
10 g/L, more preferably more than 20 g/L, more preferably more than 30 
g/L, most preferably more than 40 g/L. 

The oxalatoplatinum(II) complex product may be purified by dissolving the 
product in heated water. When approximately 95% of the product is in 
solution it is filtered and the resulting liquor is cooled to form precipitated 
crystals of the product which may be collected by suction filtration, washed 
with several small volumes of dry acetone and dried to provide a first crop 
of product A subsequent solid crop of product may be obtained by 
concentrating the mother liquor under vacuum and washing with dmf 
followed by washing and drying with acetone. The subsequent crop is 
combined with the first crop to provide a final purified product. 
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The halogen in the halogenoplatinum(ll) complex may be CI, Br or I, 
preferably CI. 

Advantageously, the halogenoplatinum(ll) complex containing a neutral 
bidentate ligand is optically pure. 

The neutral bidentate ligand in the halogenoplatinum(ll) complex may be an 
amine such as 1,2-diaminocyclohexane. 

The halogenoplatinum(ll) complex is preferably bis-chloro-(Yra/?s-M,2- 
diaminocyclohexane)platinum(ll), most preferably c/s-bis-chloro(£ra/7s-J!-1 ,2- 
diaminocyclohexane)platinum(ll). 

DETAILED DESCRIPTION OF EMBODIMENTS 

PCT Patent Publication no. WO 2006/024897, the content of which is 
incorporated herein by reference, describes a method for the preparation of 
a platinum(ll) complex containing a neutral bidentate ligand, such as 
oxaliplatin. The method includes the step of reacting a halogenoplatinum(ll) 
complex containing a neutral bidentate ligand with an oxalate salt in an 
aqueous solvent (water), a non-aqueous solvent or a mixed solvent system. 
The non-aqueous solvent described is an amide, typically 
dimethylformamide (dmf). In accordance with the present invention, it has 
been found that the use of an alcohol as the non-aqueous solvent has 
unexpected advantages over dmf. 

Optically pure fra/?s-M ,2-diaminocyclohexane is used to prepare an optically 
pure halogenoplatinum complex containing a neutral bidentate ligand in the 
form of c/s-bis-halogeno(frans-f-1 ,2-diaminocyclohexane)platinum(ll), from 
K 2 PtX 4 where X=CI, Br, I, preferably X=CI. 

Optically pure trans-l-l ,2-diaminocyclohexane is reacted with a platinum(ll) 
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compound such as K 2 PtX 4 where X is a halide such CI, Br or I, typically 
K 2 PtCI 4 , to form c/s-bis-halogeno(fra/?s^-1,2-diaminocyclohexane)platinum(II), 
typically c/s-bis-chloro-(frans-£-1,2-diaminocyclohexane)platinum(ll). This 
method is described in Inorganica Chimica Acta (1985) 108 : pp 63-66 (the 
content of which is incorporated herein by reference). 

The optically pure c/s-bis-halogeno(fra/7s-£-1,2- 

diaminocyclohexane)platinum(ll), typically c/s-bis-chloro-(£ra/7S-M,2- 
diaminocyclohexane)platinum(ll), is then reacted with an oxalate salt in a 
non aqueous solvent or mixed solvent system (by mixed solvent system is 
meant a solvent mixture containing a non-aqueous solvent and water), 
wherein the non-aqueous solvent is an alcohol. 

In a preferred embodiment of the invention, an aqueous solution of an 
organic oxalate salt (e.g. a tetra-alkyl or aryl ammonium compound such as 
tetraethyl, tetrapropyl or tetrabutylammonium oxalate) is prepared by 
dissolving oxalic acid in a solution of tetraalkylammonium hydroxide, and 
adjusting the pH to 7. The preferred organic oxalate salt is 
tetrabutylammonium oxalate. The c/s-bis-halogeno(fra/7s-{-1 ,2- 
diaminocyclohexane)platinum(ll), where the halogen is preferably chloride 
(such as dichloro((1 R, 1 R)-(-)-1 ,2-diaminocyclohexane)platinum(l I)) is 
added to the solution, followed by the addition of the alcohol to provide the 
mixed solvent system. The alcohol may be any hydroxyl-containing organic 
molecule being primary, secondary or tertiary with respect to the 
substitution around the carbon atom bonded to the OH moiety. The alcohol 
may be an organic molecule having the arrangement R 1 -CH 2 -OH, R 1 R 2 -CH- 
OH or R 1 R 2 R 3 -C-OH where R-j to R 3 are organic (alkyl or aryl), most 
preferably an alkyl group ranging from butyl to octyl. Examples of alcohols 
are isoamyl alcohol (3-methyl-1-butanol), tertiary butanol (2-methyl-2- 
propanol) and 2-octanol (2-hydroxyoctane). The ratio of alcohol:water (v/v) 
in the mixed solvent system may be from 70:30 to 99:1, preferably from 
80:10 to 99:1, most preferably 90:10. The c/s-bis-chloro(frans-M,2- 
diaminocyclohexane)platinum(ll) and oxalate salt are reacted at a molar 
ratio of greater than 1:1, typically between 1:1 to 1:10, preferably between 
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1:1 to 1:5, most preferably from 1:2 to 1:2.5. The amount of c/s-bis- 
chloro(fra/7S"M,2-diaminocyclohexane)platinum(ll) to solvent may be more 
than 5 g/L, preferably more than 10 g/L, more preferably more than 20 g/L, 
more preferably more than 30 g/L, most preferably more than 40 g/L. This 
high ratio of c/s-bis-chloro(fra/7s-M > 2-diaminocyclohexane)platinum(ll) to 
solvent makes the process particularly suitable for the production of 
oxaliplatin on an industrial scale. The reaction mixture is stirred 
continuously at an elevated temperature of 70 to 110°C, preferably 75 to 
95°C, most preferably 85 to 95°C for 6-10hrs, typically 8-10hrs. During this 
time the relatively insoluble c/s-bis-halogeno(frans-£-1,2- 
diaminocyclohexane)platinum(ll) is replaced by an oxalatoplatinum(N) 
complex (in the preferred embodiment of the invention, white oxaliplatin) 
which precipitates out of solution. Thereafter, the mixture is cooled to 2- 
4°C, and the solids collected by suction filtration and washed with several 
volumes of dry acetone. An oxalatoplatinum(ll) complex is recovered as a 
crystalline solid with a yield of up to 85%. Purification of the crystalline solid 
may be effected by dissolving the solid in water preheated to 70-75°C. 
When approximately 95% of the solid is in solution, it is filtered and the 
liquor cooled at 4°C for 6-1 Oh. The precipitated crystals are collected by 
suction filtration, washed with several small volumes of dry acetone and 
dried at 50°C to provide a first crop with a yield of up to 50% (based on c/s- 
bis-halogeno(frar?s-M,2-diaminocyclohexane)platinum(II)). A subsequent 
crop is obtained by concentrating the mother liquor under vacuum. If the 
resulting solids are contaminated with small amounts of unreacted yellow 
c/s-bis-halogeno(fra/7S-M,2-diaminocyclohexane)platinum(ll), the latter can 
be removed by careful washing with minimal volumes of dmf. The resulting 
solid is then washed with acetone and dried at 50°C, and the combined 
crops can produce an overall yield of up to 74%. Where the method is used 
to produce oxaliplatin, a pure white oxaliplatin product is obtained. The 
overall oxaliplatin product yield is approximately 74% (based on c/s-bis- 
chloro(?raA7s-M,2-diaminocyclohexane)platinum(II)) with optical purity > 
99% ee/LC and chemical purity > 99%. 

The tetraalkylammonium oxalate may be prepared by combining one molar 
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equivalent of oxalic acid with two molar equivalents of a 40% aqueous 
solution of tetraalkylammonium hydroxide. The solution is stirred at room 
temperature until the oxalic acid is dissolved, whereafter the pH is adjusted 
to 7 (using the same tetraalkylammonium hydroxide solution mentioned 
above). 



The process described above may be used to form many other platinum(ll) 
complexes with neutral bidentate ligands (such as the neutral bidentate 
ligands described in WO2005/051966 and WO2006/024897, the contents 
of which are incorporated herein by reference), and it is possible to form 
platinum(ll) complexes with neutral bidentate ligands that contain donor 
atoms other than N, typically S, for example: 

• neutral bidentate heterocyclic amines with an S donor atom, such 
as thioetherial S containing compounds of the general formula: 

1 -a I ky l/a ry l-2-a I ky I th i oa I kyl/a ry I heterocyclic amines, particularly imidazoles 
or pyridines; 

• aminoalkylthioalkyi/aryl compounds; 

• dithioethers for example 2,5-dithiahexane. 



The following 2-methylthioalkyl imidazole and pyridine neutral bidentate 
ligands : 

Ligand (i) 1-methyl-2-methylthiomethylimidazole 

Ligand (ii) 1-methyl-2-methylthioethylimidazole 

Ligand (iii) 1-methyl-2-methylthiopropylimidazole 

Ligand (iv) 1-butyl-2-methylthiomethylimidazole 

Ligand (v) 1-butyl-2-methylthioethylimidazole 

Ligand (vi) 2-methylthiomethylpyridine 

Ligand (vii) 2-methylthioethylpyridine 

Ligand (viii) 2-methylthiopropylpyridine 



(prepared by the methods described in JGH du Preez, TIA Gerber, W 
Edge, VLV Mtotywa and BJAM van Brecht. Nitrogen Reagents in Metal Ion 
Separation. XL The Synthesis and Extraction Behaviour of a New NS 
imidazole Derivative. Solv. Extr. & Ion Exch. (2001) 19(1), 143-154) (the 
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content of which is incorporated herein by reference) may be used in the 
process of the invention to prepare the 2-methylthioalkyl complexes of 
imidazole and pyridine (i) to (v) mentioned below. 

Examples of 2-methylthioalkyl complexes of imidazole prepared by the 
process of the invention are reflected in the structural Formula (1) below 
where R-i and R 2 may be selected from alkyl (e.g. CH 3 , C 2 H 5 etc.) and aryl 
(e.g. phenyl) groups. Typical 2-methylthioalkyl complexes of imidazole are 
complexes (i) to (v) below: 



R 



2 



cHr \ / c 

Formula (I) 



Complex (i) R 1 = CH 3 R 2 = CH 3 
Complex (ii) = CH 3 R 2 =C 2 H 5 
Complex (iii) = CH 3 R 2 =C 3 H 7 

Complex (iv) R 1 = C 4 H 9 R 2 = CH 3 

Complex (v) R, = C 4 H 9 R 2 = C 2 H 5 

The chemical names for the complexes (i) to (v) are: 

Complex (i) oxalato(1 -methyl-2-methylthiomethylimidazole)platinum(ll) 

Complex (ii) oxalato(1 -methyl-2-methylthioethylimidazole)platinum(ll) 

Complex (iii) oxalato(1-methyl-2-methylthiopropylimidazole)platinum(ll) 

Complex (iv) oxalato(1-butyl-2-methylthiomethylimidazole)platinum(ll) 

Complex (v) oxalato(1 -butyl-2-methylthioethylimidazole)platinum(ll). 



Examples of 2-methylthioalkyl complexes of pyridine that may be prepared 
by the process of the invention are reflected in the structural Formula (II) 
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below where R 2 may be selected from alkyl (e.g. CH 3l C 2 H 5 etc.) and aryl 
(e.g. phenyl) groups. Typical 2-methyIthioalkyl complexes of pyridine are 
compounds (vi) to (viii) below: 



Complex (vi) R 2 = CH 3 

Complex (vii) R 2 = C 2 H 5 

Complex (viii) R 2 = C 3 H 7 

The chemical names for the complexes (vi) to (viii) are: 

Complex (vi) oxalato(2-methylthiomethylpyridine)platinum(ll) 

Complex (vii) oxalato(2-methylthioethylpyridine)platinum(ll) 
Complex (viii) oxalato(2-methylthiopropylpyridine)platinum(il). 

The following ligands: 

Ligand (ix) 1-amino-2-thiomethy)ethane 

Ligand (x) 1-amino-2-thioethylethane 

may be used to prepare the following aliphatic aminothioether complexes of 
Pt(ll)oxalate: 

Complex (ix) oxalato(1-amino-2-thiomethylethane)platinum(ll) 
Complex (x) oxalato(1-amino-2-thioethylethane)platinum(ll). 




Formula (II) 



Other halogenoplatinum(ll) complexes which may be used in the methods 
of this invention include halogenop)atinum(ll) complexes having a neutral 
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bidentate ligand that contains donor atoms other than N, typically S, for 
example: 

• neutral bidentate heterocyclic amines with an S donor atom, such 
as thioetherial S containing compounds of the general formula: 

1-alkyl/aryl-2-alkylthioalkyl/aryl heterocyclic amines, particularly imidazoles 
or pyridines; 

• aminoaikylthioalkyl/aryl compounds; 

• dithioethers for example 2,5-dithiahexane; 

The neutral bidentate ligand may be selected from any of ligands i) to x) 
above. 

The halogenoplatinum(II) complex may be prepared by reacting a 
platinum(ll) compound such as K 2 PtX 4l where X is a halide such CI, Br or I, 
preferably CI, with a suitable neutral bidentate ligand. Typical 
halogenoplatinum(ll) complexes so formed are reflected in the structural 
Formula (III) below where R-i and R 2 may be selected from alkyl (e.g. CH 3 , 
C 2 H 5 etc.) and aryl (e.g. phenyl) groups. 



Complex (xi) 


= CH 3 


R2 = CH 3 


Complex (xii) R-i 


= CH 3 


R2 = C2H5 


Complex (xiii) R 1 


= CH 3 


R2 = C 3 Hy 


Complex (xiv) R-i 


= C4H9 


R 2 = CH 3 


Complex (xv) R-, 


= C4H9 


R2 = C2H5 



R 2 




Formula (III) 
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The chemical names for the complexes (xi) to (xv) are: 
Complex (xi) bis-chloro-(1 -methyl-2-methylthiomethylimidazole)platinum(II) 
Complex (xii) bis-chloro-(1-methyl-2-methylthioethylimidazole)platinum(ll) 
Complex (xiii) bis-ch!oro-(1 -methyl-2-methylthiopropylimidazole)platinum(ll) 
Complex (xiv) bis-chloro-(1 -butyl-2-methylthiomethylimidazole)platinum(l I) 
Complex (xv) bis-chloro-(1-butyl-2-methylthioethylimidazole)platinum(ll). 

Other halogenoplatinum(ll) complexes which may be used in the methods 
of this invention include halogenoplatinum(ll) complexes having neutral 
monodentate ligands, such as c/s-dichlorodiamminoplatinum(ll) (cisplatin). 
c/s-Dichlorodiamminoplatinum(II), tetrabutylammonium oxalate and a mixed 
solvent system containing an alcohol such as isoamyl alcohol may be 
stirred vigorously at 75 °C for 10h to produce a white precipitate of cis- 
diamminooxalatoplatinum(ll). In the reaction mixture, the ratio of 
cisplatin:oxalate may be 1:2.5, the ratio of alcohol:water may be 95:5 and 
the amount of cisplatin in the reaction mixture 6.7 g/L. 

The use of an alcohol as or as part of the solvent in accordance with the 
present invention, instead of dmf, has the following advantages: 

(i) The yield of crude product is higher in the alcohol system, up 
to 85% as compared to 67% in the dmf system. 

(ii) The alcohol system makes use of a single reaction of 8h 
which produces the crude white crystals directly. These are 
washed and recrystallized. The dmf system is multi-stepped 
after the initial reaction of 6-10 hours, the dmf solvent is 
evaporated and the residue dissolved in heated water and 
filtered. The water is evaporated and the resulting residue 
treated with ethanol to remove residual tetrabutylammonium 
oxalate and derivatives thereof. The solids are recovered by 
centrifusion and must then be washed with dmf before a 
white oxaliplatin product can be obtained. Thus a complex 
time-consuming procedure. 

(iii) The insolubility of the oxaliplatin in the alcohol system results 
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in a progressive crystallization of a very readily filtrationable 
product which also drives the reaction closer to completion 
and at the same time avoids decomposition of the product. 

(iv) The smaller donor number (weaker donicity) of the alcohol 
limits the formation of intermediate solvated products via 
coordination. Evidence for the formation of these was found 
in the dmf solvent system. 

(v) The yield of the pure product is significantly higher in the 
alcohol system, viz. 72% as compared to 30% to 36% in the 
dmf system (see Examples 3 and 6 of WO 2006/024897). 

The invention will now be described in more detail with reference to the 
following non-limiting examples. 

Example 1 

An aqueous solution of tetrabutylammonium oxalate, prepared by 
dissolving oxalic acid (8.29 g, 0.0658 mol) in a 40% solution of 
tetrabutylammonium hydroxide (approx. 88 mL, 0.131 mol) and adjusting 
the pH to 7, was added to solid dichloro((frans-f-1,2- 
diaminocyclohexane)platinum(ll)) (10g, 0.0263 mol) followed by 1.1 L of 
isoamyl alcohol (3-methyl-1-butanol). In this mixture, the molar ratio of 
platinum(ll) compound :oxalate was 1:2.5, the ratio of alcohol:water (v/v) 
95:5, and the amount of dichloro((fra/7S-M,2- 
diaminocyclohexane)platinum(ll) in the solvent reaction mixture was 8.3 
g/L. 

The mixture was stirred for 8h whilst its internal temperature was 
thermostatically maintained at 85°C. During this time the relatively insoluble 
dichloro(fra/7s4-1,2-diaminocyclohexane)platinum(ll) was replaced by white 
oxaliplatin which precipitated out of solution. 

Thereafter, the mixture was cooled at 4°C, the solids collected by suction 
filtration and washed with several volumes of dry acetone. The relatively 
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pure oxaliplatin was recovered with a yield of 83% (8.71 g) as an off-white 
crystalline solid. 

Purification was effected by dissolving the above solids in 500 mL water 
preheated to 70-75°C. When approximately 95% of the material was in 
solution, it was filtered and the liquor cooled at 4°C for 6-1 Oh. The 
precipitated white crystals were collected by suction filtration, washed with 
several small volumes of dry acetone and dried at 50°C. Yield = 47% 
(4.9g). (1st crop). 

The subsequent crop was obtained by concentrating the mother liquor 
under vacuum. The resulting solids had a yellow colouration due to 
contamination with small amounts of unreacted dichloro(frans-£-1,2- 
diaminocyclohexane)platinum(ll). 

The latter was removed by careful washing with minimal volumes of dmf 
until the yellow colour was removed. The white solids were then washed 
with acetone and dried at 50°C. 

The combined crops (1 & 2) totalled 7.47g (72% overall yield). 
Example 2 

PtdachCI 2 (50 g, 0.132 mol), tetrabutylammonium oxalate (274 ml, 0.96 M) 
(prepared by dissolving 33.2 g oxalic acid in 0.35 L 40% 
tetrabutylammonium hydroxide and evaporating 110 mL water), and 
isoamyl alcohol (925 ml) were charged into a reactor. In this mixture the 
molar ratio of PtdachCI 2 :oxalate was 1 :2, the ratio alcohol:water (v/v) was 
90:10 and the amount of PtdachCI 2 in the reaction mixture was 42 g/L The 
mixture was heated to an internal temperature of 88 °C for 8-1 Oh 
accompanied by vigorous stirring. During this time the relatively insoluble 
PtdachCI 2 was replaced by white oxaliplatin which precipitated out of the 
reaction mixture. 
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After reaction, the mixture was cooled to an internal temperature of 2-4 °C 
for 1-2h, whereafter the precipitate was recovered via suction filtration on a 
sintered glass filter. The precipitate was washed with several volumes of 
dry acetone and dried. A crude yield of 86% (45 g) oxaliplatin (relative to 
PtdachCI 2 ) was obtained. 

Purification was effected by dissolving the crude solids in 2.5 L water at a 
temperature of 75 °C. When approximately 95% of the material was in 
solution, it was filtered and the liquor cooled at 4 °C for 6-10h. The 
precipitated crystals were collected via suction filtration and washed with 
dry acetone. Yield = 28 g (50% relative to PtdachCI 2 ). 

A subsequent crop was obtained by concentrating the mother liquor under 
vacuum at 60 °C. The precipitated white solids were collected, washed with 
dry acetone and dried under vacuum at 60 °C. 

The combined yield of crops was 65 % (relative to PtdachCI 2 ). 
Example 3 

PtdachCI 2 (10 g, 0.026 mol), tetrabutylammonium oxalate (0.066 mol) 
(prepared by dissolving 8.3 g oxalic acid in 88 ml of a 40% wt solution of 
tetrabutylammonium hydroxide and adjusting the pH to 7) and 520 ml 2- 
octanol were stirred together at 85 °C for 10h. In this mixture the molar ratio 
of PtdachCI 2 :oxalate was 1:2.5, the ratio of alcohol:water (v/v) was 90:10 
and the amount of PtdachCI 2 in the reaction mixture was 16 g/L. 

During this time the relatively insoluble PtdachCI 2 was replaced by white 
oxaliplatin which precipitated out of the reaction mixture. After reaction, the 
mixture was cooled at 4 °C, the solids collected by suction filtration and 
washed with several volumes of dry acetone. The relatively pure oxaliplatin 
was recovered with a yield of 80% (relative to PtdachCI 2 ) as an off-white 
crystalline solid. 
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Purification was effected by dissolving the above solids in 450 ml water 
preheated to 75 °C. When approximately 95% of the material was in 
solution, it was filtered and the liquor cooled at 4 °C for 6-1 Oh. The 
precipitated white crystals were collected by suction filtration, washed with 
several small volumes of dry acetone and dried at 50 °C. Yield = 50% 
(relative to PtdachCI 2 ). 

A subsequent crop was obtained by concentrating the mother liquor under 
vacuum at 60 °C. 

The combined crops (1 & 2) totaled 7.3g (70% relative to PtdachCI 2 ). 
Example 4 

c/s-Dichlorodiamminoplatinum(ll) (cisplatin) (10 g, 0.033 mol), 
tetrabutylammonium oxalate (0.083 mol) (prepared by dissolving 10.5 g 
oxalic acid in 112 ml 40% tetrabutylammonium hydroxide solution and 
adjusting the pH to 7) and 1.4 L isoamyl alcohol were stirred vigorously at 
75 °C for 10h. In this mixture the ratio of cisplatin.oxalate was 1:2.5, the 
ratio of alcohol:water was 95:5 and the amount of cisplatin in the reaction 
mixture 6.7 g/L During this time, a white precipitate of cis- 
diamminooxalatoplatinum(ll) formed. After reaction, the white solids were 
recovered by filtration at a crude yield of 96%. 

Purification was effected by recrystallization from water at 75 °C to furnish 
5g of pure c/s-diamminooxalatoplatinum(ll) (47% yield relative to 
cisplatin). 
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CLAIMS 

1. A method for the preparation of a platinum(ll) complex containing 
neutral monodentate or bidentate ligands, the method including the step of 
reacting a halogenoplatinum(ll) complex containing neutral monodentate or 
bidentate ligands with an oxalate in a non-aqueous solvent or a mixed 
solvent system, wherein the non-aqueous solvent is an alcohol. 

2. The method according to claim 1, wherein the alcohol is an organic 
molecule having the arrangement FVCH2-OH, R 1 R 2 -CH-OH or R^IVC- 
OH where the to R 3 are organic alkyl or aryl groups. 

3. The method according to claim 1 or claim 2, wherein the alcohol has 3 or 
more carbon atoms. 

4. The method according to claim 3, wherein the alcohol has 4-12 carbon 
atoms. 

5. The method according to claim 4, wherein the alcohol has 5-10 carbon 
atoms. 

6. The method according to any one of the preceding claims, wherein the 
alcohol is 3-methyl-1-butanol (isoamyl alcohol). 

7. The method according to any one of claims 1-5, wherein the alcohol is 2- 
methyl-2-propanol (tertiary butanol). 

8. The method according to any one of claims 1-5, wherein the alcohol is 2- 
hydroxyoctane (2-octanol). 

9. The method according to any one of the preceding claims, wherein the 
oxalate is an organic oxalate salt. 

10. The method according to claim 9, wherein the organic oxalate is a 
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tetraalkyl or arylammonium compound. 

11. The method according to claim 10, wherein the organic oxalate is a 
tetraethylammonium, tetrapropylammonium, tetrabutylammonium or 
tetraphenylphosphonium oxalate. 

12. The method according to claim 11, wherein the organic oxalate is 
tetrabutylammonium oxalate. 

13. The method according to any one of the preceding claims, wherein the 
solvent is a mixed solvent system. 

14. The method according to claim 13, wherein the ratio of alcohol:water 
(v/v) in the mixed solvent system is from 70:30 to 99:1 . 

15. The method according to claim 14, wherein the ratio of alcohohwater 
(v/v) in the mixed solvent system is from 80:20 to 99:1 . 

16. The method according to claim 15, wherein the ratio of alcohohwater 
(v/v) in the mixed solvent system is 90:10. 

17. The method according to any one of the preceding claims, wherein the 
haiogenoplatinum(ll) complex containing neutral monodentate or bidentate 
ligands is reacted with the oxalate at a molar ratio of greater than 1:1. 

18. The method according to claim 17, wherein the halogenoplatinum(II) 
complex containing neutral monodentate or bidentate ligands is reacted 
with the oxalate at a molar ratio of between 1:1 to 1:15. 

19. The method according to claim 18, wherein the halogenoplatinum(ll) 
complex containing neutral monodentate or bidentate ligands is reacted 
with the oxalate at a molar ratio of between 1:1 to 1 : 5. 

20. The method according to claim 19, wherein the halogenoplatinum(ll) 
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complex containing neutral monodentate or bidentate ligands is reacted 
with the oxalate at a molar ratio of from 1:2 to 1 :2.5. 

21. The method according to any one of the preceding claims, wherein the 
reaction is carried at a temperature in the range from 70 to 1 10°C. 

22. The method according to claim 21, wherein the reaction is carried out at 
a temperature in the range of from 75 to 95°C. 

23. The method according to any one of the preceding claims, wherein the 
reaction is carried out at a temperature in the range of from 85 to 95°C. 

24. The method according to any one of the preceding claims, wherein the 
amount of halogenoplatinum(II) complex containing netural monodentate or 
bidentate ligands in the solvent system is more than 5 g/L 

25. The method according to claim 24, wherein the amount of 
haiogenoplatinum(ll) complex containing netural monodenate or bidentate 
ligands in the solvent system is more than 10 g/L. 

26. The method according to claim 25, wherein the amount of 
halogenoplatinum(ll) complex containing netural monodentate or bidentate 
ligands in the solvent system is more than 30 g/L. 

27. The method according to claim 26, wherein the amount of 
halogenoplatinum(ll) complex containing netural monodentate or bidentate 
ligands in the solvent system is more than 40 g/L. 

28. The method according to any one of the preceding claims, wherein the 
halogen in the halogenoplatinum(ll) complex is CI, Br or I. 

29. The method according to claim 28, wherein the halogen is CI. 

30. The method according to any one of the preceding claims, wherein the 
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halogenoplatinum(ll) complex containing neutral monodentate or bidentate 
ligands is optically pure. 

31. The method according to any one of the preceding claims, wherein the 
ligand in the halogenoplatinum(II) complex is a neutral bidentate ligand. 

32. The method according to claim 31 , wherein the neutral bidentate ligand 
in the halogenoplatinum(ll) complex is an amine. 

33. The method according to claim 32, wherein the neutral bidentate ligand 
in the halogenoplatinum(ll) complex is 1,2-diaminocyclohexane. 

34. The method according to any one of claims 1-30, wherein the ligand in 
the halogenoplatinum(ll) complex is a neutral monodentate ligand. 

35. The method according to claim 34, wherein the neutral monodentate 
ligand in the halogenoplatinum(ll) complex is an amine. 

36. The method according to claim 35, wherein the neutral monodentate 
ligand in the halogenoplatinum(ll) complex is c/s- 
dichlorodiamminoplatinum(II). 

37. The method according to any one of the preceding claims, wherein the 
halogenoplatinum(ll) complex is bis-chloro-(?ra/?s-£-1 ,2- 
diaminocyclohexane)platinum(ll), 

38. The method according to claim 37, wherein the halogenoplatinum(ll) 
complex is c/s-bis-chloro(frans-M ^-diaminocyclohexaneJplatinumOI). 
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